In this paper, a Dickson-type power converter with bootstrapped gate transfer switches is proposed. The circuit is designed by adding a polarity exchange circuit and N (N=2, 3, ... ) power-switches to the conventional Dickson-type circuit.
Introduction
Recently, switched capacitor (SC) power converters attract many researchers' attention since they require no magnetic elements [I] [6] is one of the most famous converters. Although these are very efficient power converters, the structure of these circuits must be modified according to the types of input or output voltages.
In the design of SC power converters, the design of power switch is important. To achieve high efficiency and small number of power-switches, the gate terminals of powerswitches must be driven by higher voltages than that of the sourceldrain terminals. For this reason, two major approaches have been studied a power-switch with level shift circuits In this paper, a Dickson-type power converter with bootstrapped gate transfer switches is proposed. The circuit is designed by adding a polarity exchange circuit and N (N=2, 3, ...) power-switches to the conventional Dickson-type circuit. These additional circuits enable the converter to provide not only a DC-DC output but a DC-AC output. In the process of DC-AC conversion, the circuit can generate various AC outputs by exploiting pulse amplitude modulation (PAM) method. Furthermore, to achieve higher efficiency, the power switches in the converter are driven by novel bootstrap circuits. Via maximum circuits constructed with diodes, the voltage of forward stage is charged to a capacitor in the bootstrap circuit. By connecting the chargedcapacitor between the gate terminals of power-switches and the output terminal of the maximum circuit, the bootstrap circuits reduce the on-resistance of the power-switches. Conceming the power converter designed by a 1.2pm CMOS process, SPICE simulations are performed. by NMOS-diodes. To avoid the voltage drop, two major approaches have been proposed a power converter with level shift circuits and a power converter with bootstrap circuits.
The details of these approaches will be described in the following subsections. capacitors are required to construct the bootstrap circuits. 
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In the case of Fig.4 (a) , 22 (=I 1 x 2) MOSFETS's and 2 (= 1 x 2) capacitors are required to construct the bootstrap circuits, where the diodes in the maximum circuit can be realized by diode-connected MOSFET's. Thus, the material cost for the proposed bootstrap circuit is smaller than that for the conventional circuit-2. In the DC-AC block of Fig.4 @) , the DC-AC conversion is achieved by controlling non-overlapped clock pulses Namely, the voltages V, (m € ( I , 3) ) and V,, (n=2) of nodes P i s which are given by (m+l)qn .......
Time (ns)
Figd Simulated charactenstics of bwtstrap circuits, are sampled via &;S. Hence the waveform of the AC output is determined by the timing of the clock pulses for S3j 'S. In the polarity exchanger, the voltage VJt) is reversed its polarity every one period T, which starts from OV. As Eqs.(3) and (4) show, VJt) satisfies VJt) E (0, Vi", 2Kn, 3 Vi", 4V;J when CO= OF.
Simulation
To confirm the validity of circuit design, SPICE simulations were performed conceming the circuits which were designed by assuming a standard 1.2pm CMOS process. Figure 6 shows the simulated characteristics of bootstrap circuits. In Fig.6 , the amplitude of input pulse Qin and V, were set to 3V, and the voltage of node Pk was set to 6V. As Fig.6 shows, the amplitude of VClk of the proposed circuit of Fig.5 is larger than that of the conventional circuit of Fig.3  (b) . In other word, small on-resistance can be realized by using the proposed bootstrap circuit.
Conceming the circuit shown in Figs.2, 3 , and 4, SPICE simulations were performed under the conditions that E."= 3V, R,=IWZ, = CO = 500nF, C, = InF, T= g s , and onresistance of the power-switch, Ron= l.8Q. Figure 7 shows the simulated outputs of the power converters. To investigate the effect of output load, the output characteristics were simulated by controlling R,. Figure 8 shows the effect of output load concerning the power converters. As Fig.8 shows, the efficiency of the proposed converter is more than 90% when R,, = 5009. The efficiency of the proposed converter and the conventional converter-2 is almost same though the material cost for the proposed bootstrap circuit is less than that for the conventional circuit. Figure 9 shows the DC-AC outputs generated by the circuit of Fig.4 . In the simulations, the clock pulses for SjJ were set to as shown in Fig.10 , and the output capacitor CO was set to OF. As Figs.7 and 9 shows, the proposed circuit can generate various types of AC outputs as well as DC outputs.
Conclusion
A Dickson-type power converter with bootstrapped gate transfer switches has been proposed in this paper. The SPICE simulations showed the following results: I. the efficiency of DC-DC conversion is more than 90% when the output load R,, = 5009 and 2. various types of AC outputs can be provided. The further improvement of efficiency is lei? to the future study.
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